ABSTRACT Unprotected streams within the agricultural Midwest region of the United States are subject to sedimentation, nutriÞcation, and agricultural chemicals. Grass riparian Þlter strips (GRFSs) have been implemented as a best management practice to minimize sedimentation and associated materials that are harmful to aquatic ecosystems; however, few studies have examined the benthic community response to GRFS installation. This study introduces a least-desired index (LDI) multimetric approach of evaluating benthic communities in response to GRFS installation. LDI was determined in a reciprocal fashion to that of a benthic macroinvertebrate index of biotic integrity (B-IBI). When reference conditions are not available for the use of B-IBI, anti-reference sites, representing least-desired conditions, can be used in constructing an LDI. A B-IBI and LDI were constructed in the Claypan Till Plains Subsection of Missouri and comparatively used to evaluate two test sites where tall fescue GRFS were installed. Five metrics were used to develop the B-IBI and six for the LDI. The LDI tended to be more conservative at evaluation in comparison to the B-IBI. Paired t-tests showed that LDI and B-IBI were signiÞcantly different at scoring test sites. The LDI assessed both test sites as showing no response to GRFS installation, whereas the B-IBI suggested moderate improvement. The LDI was considered to be a better index for evaluation because the streams used to develop the B-IBI were not suitable reference sites. An argument for the use of chironomid based metrics in low gradient agricultural streams is presented.
Streams are an essential component of the environment, providing fresh water for much of the terrestrial biota. However, the quality of water may be compromised by anthropogenic activities that often degrade the ecological integrity of both aquatic and terrestrial systems. Some studies have shown that aquatic invertebrate community structure is altered by agricultural practices (Courtemanch and Gibbs 1980 , Lenat 1984 , Whiles et at. 2000 . Barton (1996) found that adjacent land use effects were most inßuential early in the growing season, and Schulz and Liess (1999) indicated that aquatic invertebrate numbers signiÞcantly decreased immediately after insecticide application on adjacent crops.
Small streams of the central Great Plains region historically have been regarded as poor Þsh and wildlife habitats, and therefore conservation measures have been neglected (Zale et al. 1989) . SpeciÞcally, canalization, impoundment construction, riparian vegetation loss, and increased agricultural inßuence have resulted in the degradation of these systems (Zale et al. 1989) . Effects on streams caused by riparian vegetation loss include an increase in temperature, bank erosion, sedimentation, nutrient, and pesticide inputs, and losses of stream woody debris and allochthonous materials (Roth et al. 1996) .
Grass riparian Þlter strips (GRFSs) have been promoted and implemented as a means of reducing sedimentation and associated nutrients and pesticides in streams (National Research Council 1993) . Established buffer strips have been shown to successfully restore riparian wildlife habitat (Schultz et al. 1995) , while acting as temporary sinks for excess phosphorus (Osborne and Kovacic 1993) . GRFSs have been shown to inßuence water temperatures in Ontario trout streams as far as 2.5 km downstream, thus inßuencing Þsh communities (Barton et al. 1985) . However, few studies have investigated the response of benthic macroinvertebrates to these conservation techniques.
Biological monitoring of running waters is essential for assessing ecological risk, which enables better management for sustaining a healthy environment
The results presented are the sole responsibility of the authors and/or the University of Missouri and may not represent the policies or positions of the EPA. Any opinions, Þndings, conclusions or recommendations expressed in this publication are those of the author(s) and do not necessarily reßect the view of the U.S. Department of Agriculture. (Karr and Chu 1999) and is an effective means toward deÞning biotic integrity (Karr 1991) . A benthic macroinvertebrate index of biotic integrity (B-IBI) is an approach commonly used for monitoring running waters and relies on the inclusion of reference streams that are essential for the development of these programs (Barbour et al. 2000) . When good quality reference conditions for developing B-IBI multimetric criteria are unavailable, streams used as reference conditions might not represent the "best attainable condition" (Stoddard et al. 2006) , and a lack of quality reference conditions presents a major obstacle in conducting biological assessments (Hughes 1995) .
Researchers have devised ways to assess test site conditions by means other than traditional reference conditions. Some studies have used the best score for each metric attained from all sample sites as the reference score (Fausch et al. 1984, Bozzetti and Schulz 2004) . Although this provides a suitable comparison to the least disturbed condition, there is no certainty that this is a condition that is ultimately desirable. Others have used historical data as a means of reconstructing reference conditions that no longer exist (Hughes et al. 1998) . Unfortunately, historical data are not always available. Recently, "dirty water models" have been constructed as a multivariate model for predicting how test sites should positively respond to remediation measures (Linke et al. 2002) . Although the above approaches provide a means for evaluating test sites, they do not offer direct comparison to streams within the region, or they represent a condition that may not be desirable. However, if test site comparison is based on streams that are of a least-desired condition, test site departure should be viewed as a positive response to an implemented conservation measure. Thus, a multimetric least-desired index (LDI) can be used as a means of evaluating test sites in regions that do not have appropriate reference conditions for comparison.
Because of the nature of low gradient streams, some groups of organisms (e.g., Plecoptera, Þltering collectors) typically are not present; thus, metrics based on the use of these organisms are most likely unsound. Metrics designed for these systems should instead focus on organisms that typically are present, such as nonbiting midges (Chironomidae), one of the most diverse groups of aquatic macroinvertebrates. Chironomid larvae occupy nearly all lotic niches (Coffman 1995) and represent the highest diversity in functional feeding groups compared with other taxa (Monakov 1972 , Berg 1995 . Recently, chironomid communities have been used to assess contamination in a Missouri Great Plains stream (Hayford and Ferrington 2005) . The use of metrics based on chironomids may be more useful for bioassessment studies conducted in low gradient systems.
The objectives of this study were to (1) determine whether a LDI based on metric scores of least-desired conditions can provide a benchmark for an evaluation framework, (2) evaluate the effectiveness of GRFS installation in agricultural settings, and (3) identify a set of metrics that is useful for low gradient streams in the Great Plains.
Materials and Methods
Conceptual Approach. Theoretically, if a set of streams within a region is known to be highly impacted, establishing criteria based on metric scores of a least-desired condition, that is, the condition that is least desired among habitats of interest for restoration, may be used for direct test site comparison when assessing the effectiveness of a conservation measure or best management practice. We use the term leastdesired condition as a categorical description to deÞne the condition that is not desirable, even though there is potential for the habitat to experience further degradation. In the same fashion that percentiles of reference streams are used to establish the upper limit of metric score criteria in B-IBI (for metrics that decrease with increased impact), an LDI uses "antireference" streams to establish the lower limit of metric score criteria. Thus, test site metric scores that deviate from the criteria designated by anti-reference streams are indications of improvement.
For this study, traditional reference sites used for developing B-IBI were identiÞed as stream reaches within Missouri state conservation areas and were considered least disturbed conditions (Stoddard et al. 2006) , based on the presence of continuous riparian vegetation and canopy cover. Agricultural sites without vegetative buffers were considered least-desired conditions and were used as antireference sites for the development of an LDI. Comparison of metric scores was made between B-IBI and LDI to select suitable metrics for test site evaluation. Metrics were screened for excessive variation and redundancy, separately for each index. Scoring criteria were determined for metrics using B-IBI and LDI, separately, and test sites with established GRFSs were individually evaluated with each index.
Study Sites. This study was conducted in the northcentral Missouri counties of Audrain, Monroe, and Randolph (Fig. 1 ). This is a low gradient region, and ßow is not measurable except during times of heavy precipitation, during which the water table may rise to upper bank capacity (Ϸ2 m). Normally, including when samples were taken, the streams were at or below lower bank capacity (Ϸ0.5 m) but always maintained substantial standing water. Land use in these counties is dominated by agricultural practices, primarily of cattle pastures and row crops of corn or soybean.
The reference sites were at Perche Creek (39Њ15Ј20Љ N, 92Њ25Ј18Љ W), Skull Lick (39Њ13Ј9Љ N, 92Њ1Ј4Љ W), and YoungÕs Creek (39Њ20Ј2Љ N, 91Њ52Ј11Љ W), in the Rudolf Bennitt, Clarence L. Northcutt Memorial, and Robert M. White II conservation areas, respectively. Each conservation area is managed by the Missouri Department of Conservation. Anti-reference sites were located at Crooked Creek (39Њ36Ј25Љ N, 92Њ2Ј16Љ W), Long Branch (39Њ20Ј47Љ N, 92Њ2Ј37Љ W), and Otter Creek (39Њ36Ј22Љ N, 92Њ10Ј10Љ W).
Two sites with previously established GRFSs were used as test sites. Goodwater Creek (39Њ17Ј49Љ N, 92Њ7Ј9Љ W) was seeded in the spring of 2000 with tall fescue totaling 5.58 ha. The GRFS was distributed unevenly on both sides of the stream because of me-anders and existing trees. Thus, the width ranged from 2 to 33 m. The GRFS at Long Branch (39Њ18Ј3Љ N, 92Њ11Ј42Љ W) also was seeded in the spring of 2000 with tall fescue, and the distribution was even on both sides of the stream, totaling 9.3 ha along the main trunk. The width of the GRFS was Ϸ36 m on each side. Both test sites occurred in the headwaters of watersheds with streams that were used as reference or anti-reference. However, Long Branch and Goodwater test sites were considered independent of the anti-reference and reference sites because they were 23.5 and 25.0 km, respectively, upstream. Thus, because of the imperceptible ßow of streams in this region, continuity of biotic and abiotic inßuences between sites was considered negligible.
Each sample site was fed by numerous intermittent streams; thus, sample sites were considered to be second-order perennial streams. All sites, except Perche Creek and YoungÕs Creek, were within the Claypan Till Plains Subsection of the Central Dissected Till Plains ecoregion of Missouri (Omernik 1987, Nigh and Schroeder 2002) . However, these two outliers were in very close proximity: Perche Creek was located 3.4 km into the Outer Ozark Border Subsection, part of the Ozark Highlands, and YoungÕs Creek was located 1.3 km into the Mississippi River Hills Subsection of the Central Dissected Till Plains.
Sampling and Identification. To capture the temporal variability when macroinvertebrates are most abundant, samples were taken during 2 d each at three different sampling periods, spanning 121 d. SpeciÞ-cally, sampling was conducted (sampling periods IÐIII) on 4 and 5 May, 22 and 23 June, and 31 August and 1 September 2002, respectively. Because new monitoring programs should be based on only one habitat type (Resh 1995) , invertebrates were sampled only from stream margins with a water pump sampling device after Brown et al. (1987) , modiÞed by Wood (1999) . The sampler isolated a 0.05-m 2 area with a maximum depth of 0.6 m and was run for 3 min while the substrate within was agitated with a potato rake. The water was Þltered through a bag with 24 by 20 per inch mesh. Seven samples, as determined by power analysis, were taken at each site, preserved in the Þeld with 95% ethanol, and taken to the laboratory for sorting and identiÞcation to the lowest taxonomic resolution. Three measures each of water quality parameters were taken at random locations at each site with Þeld meters. SpeciÞcally, dissolved oxygen (mg/liter and percent), conductivity, and speciÞc conductance were taken with a YSI 85 oxygen, conductivity, salinity, and temperature meter. Water temperature and pH were taken with a YSI 60 pH and temperature meter (YSI, Inc., Yellow Springs, OH).
Whole counts of macroinvertebrates were taken for all samples. Chironomid larvae were cleared with 10% KOH for Ϸ12 h and transferred to a bath of 100% ethanol, and slides were mounted with Euparal.
Analysis. All seven samples from each site were numerically pooled for each site by sampling period. Functional feeding group and tolerance values were assigned to each taxon with data obtained from the Missouri Department of Natural Resources (Sarver 2001 ) and other sources (Bode et al. 1991 , Merritt and Cummins 1996 , Barbour et al. 1999 . A total of 24 macroinvertebrate metrics were calculated from the data ( Table 1 ). Metrics that were not normally distributed over all sampling periods were square root 
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transformed to enable parametric testing. Two-way analysis of variance (ANOVA) was used for each metric to test for differences between reference and anti-reference sites. The ANOVA was a completely random design split plot in which treatments were the main plot with sampling period and the interaction of treatment and sampling period as the subplots. Interaction would indicate that temporal variability is not the same for both land uses and thus not a suitable metric. Metrics that still did not meet criteria for parametric testing were RT-1 type rank transformed (Conover and Iman 1981) and analyzed with the Friedman test. Discriminant function analysis (DFA) was used to Þnd group classiÞcation of reference and anti-reference sites simultaneously for each sampling period using mean physicochemical water quality measurements as predictors. A separate DFA was used to Þnd group classiÞcation of reference, anti-reference, and test sites for all sampling periods combined with the same predictors.
Metric Selection, Scoring, and Index Development. Metric values were assessed with data pooled from all sampling periods. Metrics that were signiÞcantly different between reference and anti-reference sites were further scrutinized for redundancy and excessive variation to select metrics that were most appropriate for test site evaluation. SpeciÞcally, separate correlation matrices for metrics of reference and anti-reference sites were used to eliminate redundant measures at P Ͻ 0.05. Metrics with a CV of 50 or higher were considered too variable and eliminated, and metrics containing a zero value within their range were eliminated. Correlation tables were left uncorrected to maximize discrepancy in eliminating redundant metrics.
After metrics were screened, two indices were developed: a B-IBI using reference streams and a LDI using anti-reference streams. For B-IBI, the 5th and 95th percentiles of reference stream metrics were used to establish the maximum score limits for metrics that increase and decrease, respectively, with impact. Conversely for LDI, the 95th and 5th percentiles of anti-reference stream metrics were used to establish the minimum score limits for metrics that increase and decrease, respectively, with impairment. After limits were set, the remaining area was equally divided by bisection and the new areas were given appropriate scores. Thus, for the hypothetical metric that decreases with impact ( Fig. 2) , the maximum limit of the highest score (5) for B-IBI is set by the 95th percentile of the reference sites (shown at 90), and the remaining scores (3 and 1) are established by divisions at 60 and 30. For the same metric, the Þfth percentile of the anti-reference is used to set the minimum limit of the lowest score (1, shown at 10), and the remaining scores (3 and 5) are established by divisions at 40 and 70. Test site metrics that occur beyond these limits would score only the maximum or minimum, respectively, for B-IBI or LDI.
Theoretically, this method of establishing scoring criteria minima with anti-references should approximate similar scoring ranges that are established by maximum scoring criteria of references. These scoring ranges will be precisely the same for a metric when all reference sites have the absolute best metric value, and anti-references have the absolute worst metric value for metrics that are numerically limited. However, as the mean metric value of anti-references improve, the scoring criteria they set will be more conservative.
Assessment of Test Sites and Index Comparisons. After test site scores were tallied for B-IBI and LDI separately, test sites were evaluated using a composite condition score criterion for GRFS effectiveness with each index. Resulting categorical test site Fig. 2 . Scoring criteria for a metric that decreases in response to increasing impact. The end of the top and bottom whiskers represent the 95th and 5th percentiles, respectively. The top and bottom of the box represent the 75th and 25th percentiles, respectively. The dot in the middle of the box represents the median. For reference streams, the 95th percentile determines the maximum limit for this metric. For anti-reference streams, the 5th percentile determines the minimum limit.
conditions were compared. Paired t-tests were used to test for differences between reference and anti-reference CVs. Additionally, paired t-tests were used to test for departure from zero between reference and antireference test site scores for each test site separately. All calculations and statistical tests were performed using SAS (SAS Institute 2001).
Results
Study Sites. Both test sites tended to have lower amounts of dissolved oxygen relative to reference and anti-reference sites, especially during sampling periods II and III (Table 2) . DFA classiÞcation showed a clustering of reference sites for periods II and III, anti-reference sites for periods II and III, and both land uses together for period I (Fig. 3) . Functions 1 and 2 accounted for 68.0 and 21.5% of the variation, respectively. Plots of the land use sites in two-dimensional DFA space showed distinct groupings of reference, anti-reference, and test sites (Fig. 4) . The most important variable loadings on the Þrst axis were negative values associated with dissolved oxygen and temperature, whereas for axis 2, positive loadings for conductivity and pH were most important. DFA correctly classiÞed 100% of the anti-reference sites, 88.9% of the reference sites, and 100% of the test sites for the combined temporal groupings. Functions 1 and 2 accounted for 60.3 and 39.7% of the variation, respectively.
Metric Selection, Scoring, and Index Development. Of 24 metrics tested (Table 1) , 9 were signiÞcantly different between conservation and agricultural sites (Tables 1 and 3 ). For LDI metric selection, Tanytarsini/Chironomidae and percentage Tanytarsini were eliminated because of high variation and zero scores (Table 3 ). The percentage Chironomini was eliminated because it was signiÞcantly correlated with percentage Chironomidae and Tanypodinae/Chi- Fig. 3 . Scatter plot of reference and anti-reference sites for all sampling periods in two-dimensional DFA space derived from environmental parameters. Reference and antireference sites are depicted by circles and squares, respectively. Sampling periods I, II, and III are shaded white, gray, and black, respectively. (Table 3 ). The correlation matrix (Table 4) revealed strong relationships between percentage Chironomini with percentage Chironomidae and Chironomidae biotic index with biotic index. The two remaining metrics were not considered sufÞcient to constitute a suitable index; therefore, in cases in which two metrics were correlated with each other and no others, the metric with the lower CV was retained for inclusion in the B-IBI. Thus, excessive variability or zero values were disregarded for the metrics Tanypodinae/Chironomidae, percentage Tanytarsini, and percentage Oligochaeta so they could additionally be used to develop the B-IBI.
As described above, the scoring range for each metric was assigned equal divisions by bisection from the maximum and minimum established values for B-IBI and LDI, respectively (Fig. 5) . Some metrics, such as percentage Chironomidae, exhibited similar score (Table 5) . Suggested habitat conditions indicate that Goodwater has not shown any improvement after GRFS installation, whereas Long Branch has shown moderate improvement (Table 6) .
LDI comprised six metrics for test site comparison with 6 and 30 as the lowest and highest possible scores, respectively. Goodwater and Long Branch each scored eight ( Table 5 ), indicating that neither site has shown any positive improvement to GRFS installation (Table 6) .
Paired t-tests did not show that reference and antireference metric CVs were signiÞcantly different from zero (t ϭ 1.38; df ϭ 8; P ϭ 0.204). However, paired t-tests of metric scores for Goodwater (t ϭ 3.16; df ϭ 8; P ϭ 0.013) and Long Branch (t ϭ 2.53; df ϭ 8; P ϭ 0.035; Table 7 ) indicated a signiÞcant departure from zero when comparing score differences between references and anti-references for all nine metrics, thus suggesting that LDI was more conservative at scoring test sites. By the process of metric selection described above, it is clear that more correlations were signiÞ-cant between metrics within the reference group than within the anti-reference group (Table 3) .
Discussion
Study Sites. Because of the minimal ßow of these streams, the community inhabiting these systems (Ap- 
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pendix A) generally was represented by species characteristic of lentic habitats. Lack of stream current and limited invertebrate mobility tend to negate the physical connectivity between stream reaches. DFA reinforced that test sites were not similar to either reference or anti-reference streams (Fig. 4) , and therefore are independent from downstream sites. Both test sites had lower measures of dissolved oxygen relative to reference and anti-reference sites, which could be explained by likely greater amounts of microbial activity at the test sites than at the reference and anti-reference sites. The GRFSs were established only a few years before this study was conducted; it is possible that the initial stages of restoration resulted in increased system stress and that more time is needed for conditions to become more favorable for aquatic organisms, which falls in agreement with the LDI assessment.
During the sampling periods, a considerable amount of Þlamentous algae with dense populations of Cladocera was evident in the anti-reference sites, and very little in the reference sites. The greater amounts of algae at anti-reference agricultural sites can be explained by two environmental attributes. First, the reference sites tended to be well shaded, whereas anti-reference sites were not. Second, anti-reference sites were open to nutrient inputs from pastures and row crops, whereas the reference sites had a buffer of trees and other vegetation.
Metric Selection, Scoring, and Index Development. The protocol for this study required three separate sampling periods for index development and test site evaluation. It is important to partition data by sampling period to avoid temporal pseudo-replication (Hurlbert 1984) . By partitioning the data as such, variation caused by seasonal effects is accounted for, and the power of the test is increased. Thus, only metrics that are least sensitive to temporal variation are selected by this method.
Seven of the nine metrics that differed between reference and anti-reference sites were based on aspects of richness or abundance of Chironomidae. Rabeni and Wang (2001) suggested that removing this family altogether from biological assessment does not decrease sensitivity of the evaluation, at least for the four metrics they tested. However, Wymer and Cook (2003) highlighted the importance of including genus level resolution of Chironomidae when studying the structure of aquatic insect communities. Results reported herein clearly show that midges are an important part of streams in agricultural landscapes and should not be disregarded, which agrees with the Þndings of other studies (Barton 1996) . Additionally, the aquatic midge community may be a direct indicator of riparian vegetation; Delettre and Morvan (2000) have associated high adult midge richness and abundance with riparian vegetation.
Most of the metrics used for index development here have been commonly used in other bioassessments (Resh and Jackson 1993, Barbour et al. 1999 ). However, Tanypodinae/Chironomidae and Procladius/Chironomidae were independantly developed for this study from direct observation of their abundance within the samples. Further consideration of their use and ecological signiÞcance is warranted.
The chironomid subfamily Tanypodinae is considered a pollution tolerant group (Lenat 1993) , useful for identifying grades of eutrophication (Saether 1979) , and has been used as a metric in other biological monitoring programs (Llansó 2002) . The chironomid genus Procladius is apparently adapted to eutrophic conditions (Wiederholm 1980) , but has been shown to be limited by extremely low oxygen concentrations (Berg et al. 1962) . Paleolimnological studies have also associated Procladius with disturbances caused by anthropogenic activities (Porinchu and McDonald 2003) . A more in-depth ecological explanation of the success of metrics based on these groups may be elucidated by understanding chironomid feeding preferences. Procladius is known to scour the surface of substrate, preying on microcrustaceans, oligochaetes, and other fauna (Thut 1969 , Berg 1995 , and has been reported as the main invertebrate predator in Oligochaeta dominated habitats (Edmonds and Ward 1979) . Other studies have shown Procladius to be distributed with microcrustaceans (Cardinale et al. 1998) and to decrease in abundance with a decrease in abundance of oligochaetes (Lang 1998) .
During all sampling periods, the mean percentage of oligochaetes (primarily tubiÞcids) was signiÞ-cantly greater at anti-reference than at reference sites. In addition, although numbers of microcrustaceans were not included in metric data for this study, Cladocera were noticeably more prevalent at anti-reference than at reference sites. Oligochaetes have been associated with nutrient richness (Edmonds and Ward 1979, Johnson et al. 1993 ) and sedimentation (Robbins et al. 1989) , and some Cladocera taxa are noted to favor algal habits (Whiteside et al. 1978) , which may explain why these taxa are in large numbers at nonbuffered agricultural sites. Thus, it is likely that Procladius and other Tanypodinae take advantage of an increased prey population and may be "top-down" indicators of nutriÞcation. That is, these chironomid taxa are present in large numbers because of increased abundance of tubiÞcids and microcrustaceans, which are in large numbers in part because of a great abundance of algae and sedimentation, which are increased because of nutriÞcation, direct sunlight, and poor buffering capacity of the riparian zone. A distinct partitioning of certain chironomid taxa was observed between the reference and anti-reference streams. SpeciÞcally, Tanypodinae, especially Procladius, tended to favor agricultural streams, whereas members of the tribe Tanytarsini favored conservation sites. When a metric of one of these types was selected as an acceptable measure for index development for one land use, it was eliminated from consideration for the other land use because it exhibited high variation accompanied by zero values. However, these metrics can still be considered because a zero value of Tanypodinae/Chironomidae at a test site is viewed as a positive departure from an agriculturally perturbed habitat, as are zero values of percentage Tanytarsini as an indication of no improvement toward reference condition.
Assessment of Test Sites and Index Comparisons. Both test sites were similar to each other with regard to overall evaluation with LDI in that neither exhibited evidence of recovery. In contrast, B-IBI assessed Long Branch as showing moderate recovery, whereas Goodwater Creek was considered somewhere between moderate recovery and no recovery. Both streams scored higher with B-IBI than with LDI. Although paired t-tests did not detect differences in overall metric variability between reference and anti-reference CVs, individual reference metrics had high CVs, and thus were not appropriate for index development (Barbour et al. 1999) . Considering the liberties taken with the development of the B-IBI (e.g., inclusion of highly variable metrics), the GRFSs in this study do not seem to have been effective at restoring habitat quality in the 2 yr since establishment. Schmitt et al. (1999) showed that 25-yr-old Þlter strips were more effective at preventing sedimentation than were 2-yr-old Þlter strips.
Test site scores generated by B-IBI were more lenient than those by LDI. The performance of these metrics in relation to the given study sites can be viewed in two contrasting ways. First, the use of anti-reference sites and the development of LDI is very conservative, and perhaps more liberal criteria should be used for designating metric scores. Second, the LDI is sufÞcient and the B-IBI is not suitable for assessment in this region. Least disturbed conditions used as reference streams in this study may not have been appreciably different in quality from unprotected habitats within the region. Thus, only slight improvements in test sites might be misevaluated with B-IBI as strong improvements. Although statistical differences were detected between metrics of reference and anti-reference streams, a desired habitat condition may have much greater (or lower) metric values than those that were obtained for reference sites in this study.
Our view follows the second line of thinking in that the LDI is not excessively conservative and that B-IBI is not adequate for assessing habitat quality within this region, at least at the time this study was conducted. The conservation areas used for reference sites were only small fragments in an agriculturally dominated landscape. Even though the streams were located within a buffer of trees and other vegetation, they are inßuenced by anthropogenic practices and are probably themselves impacted to a degree. Therefore, the test sites are being evaluated with impacted reference sites, thereby obscuring the assessment with B-IBI. In contrast, the LDI is making comparisons only to worse case scenarios and, therefore, it acts as a more realistic model. However, because metric scoring ranges are set by a minimum score, the LDI will become more conservative if conditions of anti-reference sites are of better, rather than worse, quality. Furthermore, some metrics may be bi-modal. For instance, percentage Chironomidae is typically thought of as a metric that increases with disturbance, but in these habitat types for this region, it decreased with increased disturbance. It is likely that as improvements are made at a site with least-desired conditions, percentage Chironomidae will increase, but at some upper threshold, the community structure will shift so that percentage Chironomidae decreases with improvements.
In addition to the problems associated with reference stream quality, the degree of impact experienced by each reference site is unique and partially explains the high variability among reference metrics. Even more, each reference site occurred in a different ecoregion subsection, thus contributing to variability. Granted that Perche Creek and YoungÕs Creek are on the cusp of the Claypan Till Plains Subection, these subsections are derived from physical characters, potential natural vegetation, and soils (Nigh and Schroeder 2002) , and reasonably have an inßuence on the assembly of the biota found there. Resh et al. (2000) have shown that local conditions can have extreme effects on variability between sites. All of the antireference sites were within the Claypan Till Plains Subection (although Crooked Creek is 3.2 km from the Mississippi River Hills subsection) and thus exhibited less metric variability than did the reference sites. Considering that there were no other natural areas close to the study region, this study showed that the application of using anti-reference streams for assessing test site responses to remediation might be the only adequate means of evaluation.
In summary, an LDI is a suitable means of evaluating GRFS in the Claypan Till Plains Subsection of the Central Dissected Till Plains ecoregion within Missouri, even though results of this study indicated that GRFS did not result in improvement to test sites. A August 2007 KOSNICKI AND SITES: EFFECTIVENESS OF GRASS RIPARIAN FILTER STRIPSlonger period, an increased area of GRFS installation, or probably a combination of both are needed before a positive response can become apparent within the benthic macroinvertebrate community. Although LDI does not identify a desired condition for test sites to achieve, it provides a benchmark to develop an evaluation framework for rating relative site quality. It is important to know the spectrum of metric scores that can be attained in an area. Knowing the ranges of both best attainable conditions and leastdesired conditions will give managers the most power when deÞning environmental standards. Index development using reference condition streams alone is the next best choice. However, if reference streams are not available or are of undesirable quality, the use of anti-reference sites to establish metrics for LDI is sufÞcient, and sometimes better, for monitoring and assessing test sites. In areas where there is a lack of reference streams, there probably is no shortage of candidate anti-reference streams.
Finally, Chironomidae seem to be a key taxonomic group for identifying habitat conditions within this region, because these sites tend to resemble ponds more than streams. Future studies might consider using midge pupal exuviae as an easier alternative, because they require less sorting time and are relatively easy to identify . Finer taxonomic resolution and enumeration of Oligochaeta and microcrustaceans, respectively, might also result in more effective metrics and indices for use in these ecosystems.
